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(57) ABSTRACT

In an electronic component device, an ESD protection ele-
ment including a cavity portion and a pair of opposed dis-
charge electrodes 1s disposed 1nside a package substrate. A
composite portion made ol a composite material including a
metal material and an insulating material 1s disposed on a
bottom of the cavity portion. The package substrate including
the ESD protection element disposed therein reduces the size
of the electronic component device and reliably prevents
damage to and malfunctioning of the electronic component
device.

6 Claims, 3 Drawing Sheets
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ELECTRONIC COMPONENT DEVICE AND
PACKAGE SUBSTRATE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an electronic component
device and, more specifically, to an electronic component
device 1n which an electronic component element 1s mounted
on a package substrate that includes an ESD protection ele-
ment therein. The present invention also relates to a package
substrate that includes an ESD protection element therein.

2. Description of the Related Art

For an electronic component device having a precision
structure and functioning with high precision, such as an IC
device or a SAW device, an important 1ssue 1s taking mea-
sures against electro-static discharge (ESD) and preventing
damage to and malfunctioning of the electronic component
device 11 a charged object comes 1nto contact with or 1s close
to the electronic component device.

Traditionally, for example, 1n an IC device, an IC element
itself may include the ESD protection function. However, a
problem arises in that 1t 1s difficult to further incorporate the
ESD protection function into an IC element having high-
density functions and also a problem arises 1n that, even when
such incorporation 1s achieved, it 1s impossible to provide a
suificiently robust ESD protection function.

In an IC device disclosed 1n Japanese Unexamined Patent
Application Publication No. 10-414358, as illustrated 1n FIG.
6, an ESD protection component 103 arranged separately
from an IC element 102 1s mounted on a substrate 101. Spe-
cifically, a branch line 1045 1s branched from a signal line
1044 1nside the substrate 101, another end of the branch line
1045 1s extended to the surface of the substrate 101, and that
end 1s connected to the ESD protection component 103.

In this IC device, for example, 1f an excessive voltage
caused by static electricity 1s applied to a terminal 105, the
static electricity 1s discharged in the ESD protection compo-
nent 103 and guided to the ground side, and thus, the IC
clement 102 1s not damaged and no malfunction occurs.

However, the method described in Japanese Unexamined
Patent Application Publication No. 10-41438 requires that, 1n
addition to the IC element 102, the ESD protection compo-
nent 103 be mounted on the surface of the substrate 101, and
thus, the substrate 101 must have a relatively large surface
area. This raises a problem 1n that the size of the IC device 1s
increased. In addition, a problem arises in that the cost 1s
increased because the ESD protection component 103, which
1s a separate component, 1s used.

SUMMARY OF THE INVENTION

To overcome the problems described above, preferred
embodiments of the present ivention provide, in an elec-
tronic component device, a package substrate on which an
clectronic component element 1s mounted and that includes
an ESD protection element therein. Preferably, the ESD pro-
tection element includes at least a cavity portion disposed
inside the package substrate and a pair of opposed discharge
clectrodes disposed 1nside the cavity portion, and the ESD
protection element 1s located between a signal line disposed
inside the package substrate and a ground electrode disposed
on a suriace of the package substrate.

The ESD protection element may preferably further
include a composite portion disposed on a bottom of the
cavity portion, the composite portion being made of a com-
posite material mncluding a metal material and an nsulating,
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maternial, the msulating material defining the package sub-
strate, and the pair of discharge electrodes may be disposed on
the composite portion. With this configuration, the thermal
coellicient of expansion of the composite portion 1s between
that of the discharged electrodes and that of the package
substrate, and the difference between the thermal coetfficient
of expansion of the discharged electrodes and that of the
package substrate can be reduced by the composite portion.
Thus, separation of the discharged electrodes from the pack-
age substrate and changes i1n characteristics over time are
prevented or minimized. In addition, adjustment of the type
and quantity of the metal maternial included 1n the composite
portion enables adjustment of the discharge inception volt-
age.
The ground electrode for the ESD protection element dis-
posed on the surface of the package substrate may preferably
be configured as a ground electrode dedicated to the ESD
protection element, the ground electrode being separate from
a ground electrode of the electronic component element. With
this configuration, because static electricity discharged in the
ESD protection element and guided to the ground side can be
prevented from being delivered to the electronic component
clement, the advantageous effects of protecting the electronic
component element against ESD are improved.

In the electronic component device of various preferred
embodiments of the present invention, the ESD protection
clement 1s included inside the package substrate on which the
clectronic component element 1s mounted. Thus, unlike tra-
ditional electronic component devices, 1t 1s not necessary to
mount an ESD protection component on the surface of the
substrate 1n addition to the electronic component element,
and this eliminates the need to use a substrate having a large
surtace area. This enables miniaturization of the electronic
component device.

In addition, because an additional ESD protection compo-
nent 1s not mcluded or required, the cost of the electronic
component device 1s reduced.

Moreover, because the ESD protection function 1s not
incorporated 1n an electronic component element 1tself, such
as an IC element, a sufliciently robust ESD protection func-
tion 1s achieved.

The above and other elements, features, steps, characteris-
tics and advantages of the present invention will become more
apparent from the following detailed description of the pre-
terred embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s across-sectional view thatillustrates an electronic
component device according to a first preferred embodiment
of the present invention.

FIG. 2 1s a main-portion cross-sectional view that 1llus-
trates a main portion of the electronic component device
according to the first preferred embodiment of the present
invention.

FIG. 31s a cross-sectional view thatillustrates an electronic
component device according to a second preferred embodi-
ment of the present invention.

FIG. 4 1s a cross-sectional view thatillustrates an electronic
component device according to a third preferred embodiment
of the present invention.

FIG. S 1s a cross-sectional view thatillustrates an electronic
component device according to a fourth preferred embodi-
ment of the present invention.
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FIG. 6 1s a main-portion cross-sectional view that 1llus-
trates a main portion of a traditional electronic component
device.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments are described below with reference
to the drawings.

First Preferred Embodiment

FIGS. 1 and 2 1illustrate an electronic component device
according to a first preferred embodiment of the present
invention. FIG. 1 1s a cross-sectional view of the electronic
component device, and FIG. 2 1s a main-portion cross-sec-
tional view that illustrates an ESD protection element portion
ol the electronic component device.

In FIGS. 1 and 2, reference numeral 1 represents a package
substrate, and an ESD protection element 2 1s disposed
therein. The package substrate 1 1s insulative, and a ceramic,
for example, 1s preferably used 1n the package substrate 1 1n
the first preferred embodiment. Any suitable maternial other
than a ceramic may be used in the package substrate 1, such as
a resin, for example.

As 1illustrated 1n FIG. 2, the ESD protection element 2
preferably includes a cavity portion 3 that 1s disposed 1nside
the package substrate 1, a composite portion 4 made of a
composite material preferably including an msulating mate-
rial 4a (for example, ceramic 1n the present preferred embodi-
ment) defimng the package substrate 1 and a metal material
4b, for example, and a pair of opposed discharge electrodes
5a and 5b disposed on the composite portion 4. Any suitable
kind of the material may be used as the metal material 456. In
the present preferred embodiment, copper, for example, 1s
preferably used. Any material may be used for the discharge
clectrodes 5a and 3b. In the present preferred embodiment,
copper, Tor example, 1s preferably used, as 1n the case of the
metal material 4b.

Because the composite portion 4 1s preferably made of the
material including the nsulating material 4a and the metal
material 4b, the composite portion 4 has a thermal coetlicient
ol expansion between that of the discharge electrodes Sa and
5b and that of the package substrate 1, and thus, performs the
tfunction of reducing the difference between the thermal coet-
ficient of expansion of the discharge electrodes 5a and 55 and
that of the package substrate 1. As a result, if heat 1s applied
during the formation of the package substrate 1 by firing,
during mounting of a completed electronic component device
on a printed circuit board of an electronic apparatus by reflow
soldering, or during use of an electronic apparatus, the com-
posite portion 4 reduces the occurrence of separation of the
discharge electrodes 5a and 56 from the package substrate 1.
Accordingly, changes in characteristics, including a dis-
charge inception voltage, over time are eflectively prevented
or minimized.

Adjusting the kind and quantity of the metal material 45
included 1n the composite portion 4 enables adjustment of the
discharge 1nception voltage. Specifically, the discharge
inception voltage decreases with an increase in the conduc-
tivity of the metal material and with an increase 1n the quan-
tity of the metal material.

The cavity portion 3 of the ESD protection element 2 may
preferably be filled with a rare gas, such as argon or neon, for
example. If such a rare gas 1s provided therein, the discharge
inception voltage can be reduced. In the present preferred
embodiment, the cavity portion 3 preferably 1s not filled with
a rare gas.
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In the electronic component device according to the
present preferred embodiment, a signal line 6, an ESD pro-
tection element ground line 7, and an electronic component
clement ground line 8 are preferably disposed inside the
package substrate 1, and an input/output electrode 9 and a
common ground electrode 10 common to the electronic com-
ponent element and the ESD protection element 2 are prefer-
ably disposed on the lower surface of the package substrate 1.
The ESD protection element 2 1s located between the signal
line 6 and the common ground electrode 10. Any suitable
number of ESD protection elements 2 may be used depending
on the necessity.

Preferably, a ground pad 11 and a wiring pad 12 are dis-
posed on the upper surface of the package substrate 1, an IC
clement 13 defining the electronic component element 1s
mounted on the ground pad 11, and the wiring pad 12 and the
IC element 13 are connected by a wire bond 14 disposed
therebetween. The upper surface of the package substrate 1 1s
preferably sealed with a sealing resin 15.

IT a charged object comes 1nto contact with or comes close
to the electronic component device having the above-de-
scribed structure according to the present preferred embodi-
ment and an excessive voltage caused by static electricity 1s
applied to the signal line 6, the static electricity 1s discharged
in the ESD protection element 2 and transferred to the com-
mon ground electrode 10, and the IC element 13 1s not dam-
aged and no malfunction occurs 1n the IC element 13. Typi-
cally, the ESD protection element 2 1s 1n an electrically open
state and does not allow electricity to tlow therethrough.

Next, a non-limiting example of a method of producing an
clectronic device according to the present preferred embodi-
ment 1s described. One of the unique features of preferred
embodiments of the present invention is that the package
substrate 1 includes the ESD protection element 2, so a
method of producing the package substrate 1 will be
described below.

The package substrate 1 1s produced by stacking and firing,
of a plurality of ceramic green sheets.

First, mnsulating ceramic powder of a predetermined com-
position 1s mixed with a solvent, a binder, and/or other mate-
rial to form a slurry, the slurry 1s shaped 1nto thin films using
a doctor blade, and ceramic green sheets are formed.

Copper powder having a predetermined particle diameter
1s mixed with a solvent, a binder, and/or other material and an
clectrode paste 1s formed.

The ceramic powder used 1n the ceramic green sheets and
the copper powder used 1n the electrode paste are mixed
together with a predetermined mixture ratio, the mixture 1s
further mixed with a solvent, a binder, and/or other materal,
and a composite paste 1s formed.

Next, holes for forming via holes that are to become the
signal line 6, the ESD protection element ground line 7, and
the electronic component element ground line 8 are formed 1n
the ceramic green sheets. The locations and the number of the
holes vary among the ceramic green sheets. The holes 1n the
ceramic green sheets are filled with the electrode paste.

Next, the composite paste for forming the composite por-
tion 4 1s applied on the ceramic green sheet on which the ESD
protection element 2 1s to be formed so as to have a predeter-
mined shape, the electrode paste for forming the discharge
clectrodes Sa and 56 1s applied thereon so as to have a prede-
termined shape, and a resin paste for forming the cavity
portion 3, the resin paste being formulated to disappear when
fired, 1s applied on the composite paste and the electrode
paste.

Then, a predetermined number of the ceramic green sheets,
including the ceramic green sheet on which the ESD protec-
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tion element 2 1s to be formed and the other ceramic green
sheets, are stacked 1n a predetermined order, the stacked
ceramic green sheets are pressed and bonded, and an unfired
ceramic laminate 1s formed.

Then, a conductive paste for forming the mput/output elec-
trode 9, the common ground electrode 10, the ground pad 11,
and the wiring pad 12 is applied on the upper surface and the
lower surface of the ceramic laminate so as to have a prede-
termined shape. The conductive paste may not be applied at
this stage, but alternatively, may be applied in advance to a
ceramic green sheet that will be 1n the uppermost or lower-
most position in the ceramic laminate.

Then, the ceramic laminate 1s fired with a predetermined
profile, and the package substrate 1 1s produced. The ESD
protection element 2 including the cavity portion 3, the com-
posite portion 4, and the discharge electrodes 5a and 5b 1s
disposed inside the package substrate 1. In the foregoing
description, a case of producing a single package substrate 1
1s described. Alternatively, a plurality of package substrates
may be produced at a time from a large ceramic laminate. In
this case, before or after firing, the large ceramic laminate 1s
cut 1nto pieces having the size of each package substrate.

Finally, the IC element 13 1s mounted on the package
substrate 1 by a widely used method, the wire bond 14 1s
applied, and the sealing resin 15 1s formed on the upper
surface of the package substrate 1, on which the IC element 13
1s mounted. In this manner, the electronic component device
according to the present preferred embodiment 1s completed.
Second Preferred Embodiment

FI1G. 3 illustrates an electronic component device accord-
ing to a second preferred embodiment of the present mven-
tion. FIG. 3 1s a cross-sectional view of the electronic com-
ponent device.

In the electronic component device according to the second
preferred embodiment, the common ground electrode 10 (see
FIG. 1) disposed on the lower surface of the package substrate
1 1s preferably replaced with imndividual ground electrodes,
1.e., a ground electrode 20 dedicated to the ESD protection
clement and a ground electrode 21 dedicated to the electronic
component element. The remaining configuration 1s the same
or substantially the same as that in the first preferred embodi-
ment.

The electronic component device according to the second
preferred embodiment prevents static electricity discharged
in the ESD protection element 2 and guided to the ground side
from being delivered to the electronic component element (IC
clement 13). Thus, the advantageous effects of protecting the
clectronic component element against ESD are improved.
Third Preferred Embodiment

FI1G. 4 illustrates an electronic component device accord-
ing to a third preferred embodiment of the present invention.
FIG. 4 15 a cross-sectional view of the electronic component
device.

In the electronic device according to the third preferred
embodiment, an IC element 23 as the electronic component
clement 1s preferably flip-chip mounted on the ground pad 11
and the wiring pad 12 of the package substrate 1 using solder
bumps. The remaining configuration is the same or substan-
tially the same as that 1n the first preferred embodiment.
Fourth Preferred Embodiment

FIG. 5 illustrates an electronic component device accord-
ing to a fourth preferred embodiment of the present invention.
FIG. 3 15 a cross-sectional view of the electronic component
device.

In the electronic device according to the fourth preferred
embodiment, a SAW element 33 as the electronic component
clement 1s preferably mounted on the package substrate 1,
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and the wiring pad 12 of the package substrate 1 and a pad
clectrode 33a of the SAW element 33 are preferably con-
nected with a wire bond 24 disposed therebetween. In FI1G. 5,
reference numeral 335 represents an IDT electrode disposed
on the surface of the SAW element 33.

In the electronic device according to the fourth preferred
embodiment, the upper surface of the package substrate 1, on
which the SAW element 33 1s mounted, 1s preferably sealed
not with a sealing resin but with a top cover 25.

According to preferred embodiments of the present inven-
tion, even in a SAW device, in which ESD 1s a problem, as in
the case of an IC device, the electronic component element 1s

protected against ESD.

While preferred embodiments of the present mvention
have been described above, 1t 1s to be understood that varia-
tions and modifications will be apparent to those skilled 1in the
art without departing from the scope and spirit of the present

invention. The scope of the present invention, therefore, 1s to
be determined solely by the following claims.

What 1s claimed 1s:

1. An electronic component device comprising;:

a package substrate including an upper electrode arranged
on an upper surface of the package substrate and a lower
electrode arranged on a lower surface of the package
substrate; and

an electronic component element mounted on the package
substrate; wherein

the package substrate includes an electro-static discharge
protection element disposed therein;

the electro-static discharge protection element includes a
cavity portion disposed inside the package substrate and
a pair ol opposed discharge electrodes disposed 1nside
the cavity portion;

the electro-static discharge protection element is located
between a signal line disposed inside the package sub-
strate and an electro-static discharge ground electrode
disposed on a surface of the package substrate;

the signal line includes an upper portion and a lower por-
tion, the upper portion directly contacting one of the pair
of opposed discharge electrodes and the upper electrode,
and the lower portion directly contacting the one of the
pair of opposed discharge electrodes and the lower elec-
trode:

the electro-static discharge ground electrode 1s separate
and distinct from a ground electrode dedicated to the
clectronic component element;

the electro-static discharge ground electrode 1s dedicated
to the electro-static discharge protection element; and

the electro-static discharge ground electrode 1s directly
connected to the other one of the pair of opposed dis-
charge electrodes by only a via hole filled with electrode
paste.

2. The electronic component device according to claim 1,
wherein the electro-static discharge protection element fur-
ther includes a composite portion on a bottom of the cavity
portion, the composite portion being made of a composite
material including a metal material and an 1nsulating mate-
rial, the msulating matenal defining the package substrate,
and the pair of discharge electrodes 1s disposed on the com-
posite portion.

3. The electronic component device according to claim 1,
wherein the electronic component element 1s one of an IC
clement and a SAW eclement.

4. The electronic component device according to claim 1,
wherein the electronic component element 1s mounted to the
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upper surface of the package substrate, the upper surface
being sealed with at least one of a sealing resin and a top
cover.

5. A package substrate arranged to have an electronic com-
ponent element mounted thereon, the package substrate com-
prising:

an upper electrode arranged on an upper surface of the
package substrate and a lower electrode arranged on a
lower surface of the package substrate; and

an electro-static discharge protection element disposed in
the package substrate; wherein

the electro-static discharge protection element includes at
least a cavity portion disposed inside the package sub-
strate and a pair of opposed discharge electrodes dis-
posed 1nside the cavity portion;

the electro-static discharge protection element 1s located
between a signal line disposed inside the package sub-
strate and an electro-static discharge ground electrode
disposed on a surface of the package substrate;

the signal line includes an upper portion and a lower por-
tion, the upper portion directly contacting one of the pair
of opposed discharge electrodes and the upper electrode,
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and the lower portion directly contacting the one of the
pair of opposed discharge electrodes and the lower elec-
trode;

the electro-static discharge ground electrode 1s separate
and distinct from a ground electrode dedicated to the

clectronic component element to be mounted on the
package substrate;
the electro-static discharge ground electrode 1s dedicated
to the electro-static discharge protection element; and
the electro-static discharge ground electrode 1s directly
connected to the other one of the pair of opposed dis-
charge electrodes by only a via hole filled with electrode

paste.

6. The package substrate according to claim 5, wherein the
electro-static discharge protection element further includes a
composite portion on a bottom of the cavity portion, the
composite portion 1s made of a composite material including
a metal material and an insulating material, the insulating
material defining the package substrate, and the pair of dis-
charge electrodes 1s disposed on the composite portion.
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